Chemical context
1,3,4-Thiadiazole (TZ) and its derivatives, particularly the 2-amino-substituted analogues (ATZ), which are commonly phenyl-substituted at the 5-site of the thiadiazole ring, exhibit a broad range of biological activities (Jain et al., 2013) . In the solid state, these 2-amino-1,3,4-thiadiazoles usually interact through duplex N-HÁ Á ÁN hydrogen bonds, giving a centrosymmetric cyclic R 2 2 (8) hydrogen-bonding homodimer motif, which may be discrete e.g. the 5-(3-fluorophenyl)-ATZ derivative (Wang et al., 2009) or more often is extended into a one-dimensional chain structure through the second 2-amino H-atom by an N-HÁ Á ÁN4 thiadiazole hydrogen bond, e.g. in the 5-(4-bromophenyl)-ATZ derivative (Lynch, 2009a ) and the 5-(4-bromo-2-nitrophenyl)-ATZ derivative (Zhang et al., 2011) .
With an interest in the formation of co-crystalline adducts as opposed to proton-transfer salt formation between Lewis bases and aromatic carboxylic acids, we have looked at some of these 5-phenyl-substituted ATZ analogues and have reported examples of both structure types: one-dimensional chain structures in the 1:1 adduct of 5-(4-methoxyphenyl)-2-amino-1,3,4-thiadiazol-2-amine with 4-nitrobenzoic acid (Lynch, 2009b) and 5-(4-bromophenyl)-2-amino-1,3,4-thia-ISSN 1600-5368 diazol-2-amine (BATZ) with 2-(naphthalen-2-yloxy)acetic acid (Smith & Lynch, 2013) , as well as the salt of BATZ with 3,5-dinitrobenzoic acid (Smith & Lynch, 2013) . In this salt structure, the carboxylate group gives the previously mentioned primary cyclic R 2 2 (8) association through carboxyl OÁ Á ÁH-N and amine N-HÁ Á ÁO hydrogen bonds but instead of forming the chain structure, a centrosymmetric heterotetramer is formed through a cyclic R 2 4 (8) hydrogen-bonding motif.
Herein we report the structures of the 1:1 co-crystalline adduct, C 8 H 6 BrN 3 SÁC 7 H 5 NO 4 , (I), and the salt C 8 H 7 BrN 3 S + Á-C 7 H 3 N 2 O 7 À , (II), obtained from the interaction of BATZ with 4-nitrobenzoic acid (PNBA) and 3,5-dinitrosalicylic acid (DNSA), respectively. The strong acid DNSA (pK a = 2.18) has been employed extensively for the formation of crystalline salts with Lewis bases, forming mainly phenolates (Smith et al., 2007) , whereas the weaker acid PNBA (pK a = 3.44) provides examples of both salts (Byriel et al., 1992) and co-crystalline adducts (Aakerö y et al., 2004) .
Structural commentary
In the structure of the (1:1) PNBA adduct with BATZ, (I), the primary inter-species R 2 2 (8) hydrogen-bonded heterodimer is formed (Fig. 1) , in which the 4-bromophenyl ring substituent is rotated slightly out of the thiadiazole plane [dihedral angles between the thiadiazole ring and the two benzene rings are 22.11 (15) (intra) and 26.08 (18) (inter)]. The carboxylic acid and nitro substituent groups on the PNBA molecule are rotated slightly out of the benzene plane [torsion angles: C2A-C1A-C11A-O11A = À170.2 (3) and C3A-C4A-N4A-O42A = 172.03 (3) ]. This 'planar' conformation is found in the parent acid (Bolte, 2009) and in its adducts, e.g. with 3-(N,N-dimethylamino)benzoic acid (Aakerö y et al., 2004) .
In the DNSA salt (II) (Fig. 2) , the primary association is also the expected cyclic R 2 2 (8) heterodimer, which is essentially planar [comparative dihedral angles 9.8 (2) (intra) and 2.1 (2) (inter)]. The DNSA anionic moiety is a phenolate with the anti-related carboxylic acid H atom forming the common intramolecular S(6) hydrogen bond which is found in ca. 70% of DNSA salt structures (Smith et al., 2007) . The nitro group at C3A in this anion is rotated significantly out of the benzene plane [torsion angle: C2A-C3A-N3A-O32A = À147. 8 (4) ] whereas the second nitro group and the carboxylate group lie essentially in the plane [torsion angles: C6A-C5A-N5A-O51A = 179.5 (4) and C2A-C1A-C11A-O11A = À178.0 (4) ]. Molecular conformation and atom-numbering scheme for adduct (I), with inter-species hydrogen bonds shown as dashed lines. Non-H atoms are shown as 50% probability displacement ellipsoids.
Figure 2
Molecular conformation and atom-numbering scheme for salt (II), with inter-species hydrogen bonds shown as dashed lines. Non-H atoms are shown as 50% probability displacement ellipsoids.
Figure 3
A perspective view of the one-dimensional hydrogen-bonded extension in the structure of (I). Hydrogen bonds are shown as dashed lines.
Supramolecular features
In (I), the heterodimers are linked through amine N21B-H21BÁ Á ÁN4B i hydrogen bonds (Table 1) forming chains which extend along b (Fig. 3) . This is similar to the structure of the BATZ adduct with 2-naphthoxyacetic acid (Smith & Lynch, 2013 ) and the 5-(4-methoxyphenyl)thiadiazin-2-amine adduct with 4-NBA (Lynch, 2009b) . A weak aromatic C55B-
ii hydrogen-bonding association links the chains across c [for symmetry codes, see Table 2 Hydrogen-bond geometry (Å , ) for (II). Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz; (ii) Àx À 1; Ày þ 2; Àz; (iii) x þ 2; y À 1; z.
Figure 4
A perspective view of the centrosymmetric hydrogen-bonded heterotetramer units in the unit cell of (II), showing conjoined cyclic R 4 6 (12), R 2 2 (8), R 2 1 (6) and S(6) hydrogen-bonded structural motifs. both the phenolate-O atom (O2B) and the adjacent nitro-O atom (O31A) ( Table 2) gives an enlarged centrosymmetric cyclic R 4 6 (12) association. This generates a heterotetramer, which comprises a total of seven conjoined cyclic motifs, the central R 4 6 (12) plus two each of R 2 2 (8), R 2 1 (6) and S(6) motifs (Fig. 4) . The heterotetramers are weakly linked peripherally through both a centrosymmetric cyclic C-HÁ Á ÁO nitro [C4A-H4AÁ Á ÁO32A
ii ] hydrogen-bond pair [graph set R 2 2 (10)] and a linear C56B-H56BÁ Á ÁO51A
iii hydrogen bond, giving a twodimensional supramolecular structure (for symmetry codes, see Table 2 ). Within the cyclic association there is a short O32AÁ Á ÁO32A
ii non-bonding contact [2.835 (4) Å ]. However, unlike in the structure of (I), no -ring interactions are found in (II) [minimum ring-centroid separation = 4.078 (3) Å ].
In both (I) and (II), short BrÁ Á ÁO nitro contacts are found: for (I) Br1BÁ Á ÁO42A iii = 3.314 (4) 
Synthesis and crystallization
The title compounds were prepared by the reaction of 1 mmol (260 mg) of 5-(4-bromophenyl)-1,3,4-thiadiazol-2-amine with 1 mmol of either 4-nitrobenzoic acid (167 mg) [for (I)] or 3,5-dinitrosalicylic acid (228 mg) [for (II)] in 20 mL of 50% ethanol-water, with 10 min refluxing. Partial evaporation of the solvent gave colourless needles of (I) or yellow plates of (II) from which specimens were cleaved for the X-ray analyses.
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 3 . Hydrogen atoms potentially involved in hydrogen-bonding interactions were located by difference methods but were subsequently included in the refinements with positional parameters fixed and their isotropic displacement parameters riding, with U iso (H) = 1.2U eq (N) or 1.5U eq (O). Other H atoms were included at calculated positions [C-H = 0.95 Å ] and also treated as riding, with U iso (H) = 1.2U eq (C). 
Computing details
For both compounds, data collection: CrysAlis PRO (Agilent, 2013 ); cell refinement: CrysAlis PRO (Agilent, 2013) ; data reduction: CrysAlis PRO (Agilent, 2013 ); program(s) used to solve structure: SIR92 (Altomare et al., 1993); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) within WinGX (Farrugia, 2012) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: PLATON (Spek, 2009 ). 119.1 (3) C4A-C3A-H3A 121.00 C53B-C54B-C55B 120.6 (3) C4A-C5A-H5A 121.00 C54B-C55B-C56B 119.3 (3) C6A-C5A-H5A 121.00 C51B-C56B-C55B 121.2 (3) C1A-C6A-H6A 120.00 C51B-C52B-H52B 119.00 C5A-C6A-H6A 120.00 C53B-C52B-H52B 120.00
C5B-S1B-C2B-N3B 0.7 (3) C51B-C52B-C53B-C54B −2.1 (5) C5B-S1B-C2B-N21B −178.1 (3) C52B-C53B-C54B-Br1B −179.8 (3) C2B-S1B-C5B-N4B −0.7 (2) C52B-C53B-C54B-C55B 1.1 (5) C2B-S1B-C5B-C51B 179.5 (2) C53B-C54B-C55B-C56B 0.0 (5) C2B-N3B-N4B-C5B 0.0 (4) Br1B-C54B-C55B-C56B −179.1 (3) N4B-N3B-C2B-S1B −0.5 (3) C54B-C55B-C56B-C51B −0.2 (5) N4B-N3B-C2B-N21B
178.3 (3) C6A-C1A-C2A-C3A −0.2 (5) N3B-N4B-C5B-S1B 0.5 (3) C11A-C1A-C2A-C3A −179.7 (3) N3B-N4B-C5B-C51B −179.7 (2) C2A-C1A-C6A-C5A 0.4 (4) O41A-N4A-C4A-C5A 171.2 (3) C11A-C1A-C6A-C5A 179.9 (3) O42A-N4A-C4A-C3A 172.0 (3) C2A-C1A-C11A-O11A −170.2 (3) O42A-N4A-C4A-C5A −8.6 (4) C2A-C1A-C11A-O12A 10.5 (5)
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−157.4 (3) C6A-C1A-C11A-O12A −169.0 (3) S1B-C5B-C51B-C52B −157.8 (2) C1A-C2A-C3A-C4A −0.4 (5) S1B-C5B-C51B-C56B 22.4 (4) C2A-C3A-C4A-N4A −179.6 (3) N4B-C5B-C51B-C52B 22.5 (4) C2A-C3A-C4A-C5A 1.0 (5) C56B-C51B-C52B-C53B 1.9 (5) N4A-C4A-C5A-C6A 179.7 (3) C5B-C51B-C56B-C55B 179.1 (3) C3A-C4A-C5A-C6A −0.8 (5) C5B-C51B-C52B-C53B −178.0 (3) C4A-C5A-C6A-C1A 0.1 (5) C52B-C51B-C56B-C55B −0.8 (5) Symmetry codes:
(II) 2-Amino-5-(4-bromophenyl)-1,3,4-thiadiazol-3-ium 2-carboxy-4,6-dinitrophenolate
Crystal data 
